SIGNIFICANCE
3 Human exploitation of natural resources is a major challenge for biodiversity conservation and 45 sustainable development. Global trade and consumer demand for natural products provide 46 increasing threats to species (1, 2) , and at the same time lead to markets where regulation and 47 authentication is extremely difficult (3-5). Most traded plant products are from wild 48 populations and over-harvested: increasing scarcity results in higher prices, and incentivises 49 adulteration, substitution and poaching (6-9). In recent decades, international conventions 50 including the Convention on Biological Diversity (CBD) and the Convention on International 51 Trade in Endangered Species (CITES) have sought to regulate the trade of threatened species.
52
In parallel, the World Health Organisation has developed guidelines for safety monitoring of 53 herbal medicines in pharmacovigilance systems (4) and the Food and Agriculture Organisation 54 regulates international trade of cultivated plant products (10). However, implementing these 55 regulations and guidelines is hampered by difficulties identifying plant products in trade.
56
Multiple, complex and interacting supply chains can co-exist for a single plant product (11, 57 12). Traded plants are often not identifiable to species by their morphology or chemistry, as 58 they may be dried, powdered, processed, or commercialised in mixtures with other products.
59
In addition, the design, implementation and enforcement of successful conservation actions, 60 and/or assessments of product quality and authenticity, often require the identification of the 61 geographic origin of species in trade. This is difficult as the development of efficient methods 62 to trace and identify traded products to their geographical area of origin are still in their infancy.
63
DNA barcoding is highly effective for species-level identification in animals using a 64 portion of the mitochondrial marker Cytochome Oxidase 1 (COI). In plants, standard DNA 65 barcoding involve using varying combinations of one to four plastid DNA regions (rbcL, matK, 66 trnH-psbA, trnL) and/or the internal transcribed spacers of nuclear ribosomal DNA (nrDNA 67 ITS). Although these markers are very informative in many cases, no single marker or 68 combination of these markers routinely provides complete species-level resolution, especially 69 in species-rich groups (13, 14), let alone provide population level assignment.
70
The development of high throughput sequencing (HTS) using new sequencing 71 chemistries and platforms offer opportunities to extend the concept of DNA barcoding in plants 72 (15) (16) (17) . In addition to sequencing standard barcoding loci in a more cost-effective fashion, 73 two major approaches have been proposed for increasing the resolution (and coverage) of plant 74 DNA barcoding. Shallow pass shotgun sequencing (genome skimming) is now frequently used 75 to recover organellar genomes and nuclear ribosomal DNA sequences, increasing the amount 76 of data per sample, leading to some increases in resolution (18-22), and workflows and 77 bioinformatic pipelines are becoming increasing refined for this approach (23-25). However, 78 at present, cost constraints mean that most genome skimming barcoding projects only have 79 sufficient sequencing depth to recover comparative data from multiple samples for multi-copy 80 regions such as plastid genomes and ribosomal DNA; these regions represent a limited number 81 of independent loci, ultimately constraining resolving power (26-28). Target capture 82 sequencing offers the potential to overcome this, by efficiently targeting hundreds of low-copy 83 nuclear markers providing access to a much greater number of independent data points per unit 84 of sequencing effort (29). Like genome skimming, target capture is successful in sequencing 85 degraded DNA samples (30, 31), and can be used to sequence hundreds of samples at the same 86 time (32). It can also be designed to recover standard DNA barcodes in the same assay (33).
4
Although target capture has been advocated as a powerful tool for molecular identification of 88 plants, its utility in a barcoding context remains untested to-date (16, 22, 34) .
89
We evaluated the power of target-capture DNA barcoding with an investigation of the 
101
Anacyclus pyrethrum is endemic to Morocco, Algeria and southern Spain (36, 41), and 102 has a long history of use in Islamo-Arabic, European, and Indian Ayurvedic medicine (42-45).
103
In the 13 th century, Ibn al-Baytār wrote that the plant was "known across the world" and traded 104 from the Maghreb to all other areas (46). Its popularity as a medicinal plant stems from the 105 many pharmacological activities of its roots (47). In Morocco, two varieties of A. pyrethrum 106 are distinguished, var. pyrethrum and var. depressus, the first being more potent and up to ten 107 times more expensive than the second (48). Today, both varieties are harvested from the wild 108 and used extensively for the treatment of pain and inflammatory disorders across Morocco (48-109 52) and Algeria (53-55), as well as the Middle East (42) and the Indian sub-continent (56, 57).
110
A. pyrethrum is still traded today from the Maghreb to India (58, 59) and Nepal (56), and is 111 known to be over-harvested and is increasingly difficult to find in local markets in Morocco 112 (48, 50, 52, 60) . Collectors are proficient in identifying the plant and its two varieties, but 113 material is possibly misidentified and adulterated along the chain of commercialisation (48, 50, 114 61, 62).
115
Here we apply target-capture genomic barcoding to distinguish Anacylus species and 116 geographical races, to identify traded Anacylus root samples in the national and international 117 supply chains, and compare this novel approach with plastid genome and nrDNA ITS barcodes.
119

RESULTS
120
We constructed a reference database of DNA sequences from fresh and herbarium specimens, The data recovery based on target capture outperforms shotgun sequencing ( Figure 1 ). On 132 average, 2.3 million reads were obtained from shotgun sequencing per sample after quality 133 control filtering and 1.6 million reads for target capture. The shotgun data produced, ITS, 134 plastome and standard barcodes, with retrieval rates of 93% of samples for ITS, 56% for the 135 plastid genomes and 46% to 55% for the standard barcodes ( Figure 1 ); 73% of the samples 136 were retrieved using target capture with 303X coverage for the targeted nuclear loci (Table   137   S3 ). The resulting aligned matrices for each of the datasets were 633 bp from ITS (including 138 5.8S), 4408 bp from the standard barcoding markers (1523 bp matK, 1438 bp rbcL, 500 bp 139 trnH-psbA, 947 bp trnL), and 289,236 bp from 443 nuclear loci recovered from the target 140 capture approach (for the standard barcodes, we included the full length of the coding regions 141 of rbcL and matK). The bioinformatics workflow for data analyses is described in Figure S1 . 
182
We selected at random 110 individual roots for DNA analysis from the 62 root batches.
183
Of these 98 had a morphology consistent with Anacyclus, and 12 which were classed as similar 184 to Anacyclus but likely to be non-Anacyclus based on their morphology. We recovered shotgun 185 sequence data from nine of these 12 non-Anacylus roots and using sequences queries against 186 GenBank, the ITS and plastid sequences obtained a genus-level identification (= Plantago sp.). 
193
The target capture data gave much higher resolution within Anacyclus. (Table S3 , Figure S11 ). Of the 80 non-adulterated roots which we identified to species level 208 using target capture, we were able to associate 58% to a specific geographic region (Figure 2,   209   Table S2) (22) . In this study, using entire plastid genomes or plastid barcode markers, and/or ITS we 225 recovered very limited resolution below the genus level (Figure 1, Figure S4 
248
We provide evidence that export companies in Morocco source material not only in this 249 country, but also from neighbouring Algeria. Applying this molecular identification approach 250 enables us to distinguish samples at population level and uncover these hidden international 251 sourcing channels.
252
High national and international demand for A. pyrethrum likely encourages its 253 overharvesting and adulteration. As the plant is a remedy of the Indian pharmacopoeia, its 254 demand is likely to increase along with that of other Ayurvedic medicines (65). Although A. 
302
In terms of costs, although sequencing costs continue to fall, the current protocols for 303 target capture (including library construction and sequencing) are still expensive, and equate 304 to 70 USD per sample. This is manageable for well-resourced projects and high value 305 applications, but still prohibitively expensive for many large-scale biomonitoring projects or 306 less well-resourced projects. Ongoing work is required to optimize protocols to drive these 307 costs down, as has been done for standard barcoding approaches (85). Otanthus. The specimen origins and vouchers number are listed in Table S4 and Figure S12.
325
One hundred and ten trade vouchers consisting of 50g of roots were bought from collectors, 326 10 herbal shops, middle-men, traditional healer, wholesalers, and export companies in Morocco 327 and India (Table S3 ). 
